Abstract -We have calculated components of torque and the interaction energy of a small rotating particle with a permanent dipole moment in the case where the rotation axis is perpendicular to the surface and the dipole axis is inclined to it. The retardation effects were taken into account. An important property of this system is its quasistationarity. When the dipole axis coincides with the rotation axis, the particle does not experience damping and may revolve for infinitely long time. When the dipole axis is inclined to the surface, the situation is possible where the particle is repelled off the surface.
Introduction
Light interaction with matter is known to produce mechanical rotation of even micron-sized neutral particles [1, 2] . The reverse situation where the radiation can be emitted by rotating particles was considered in [3] . The impact of the uniform motion of particles on the van der Waals and Casimir forces was studied by us in [4] , while in [5] we have studied the effect of rotation on these interactions. Quite recently, the frictional torque on a particle rotating near the surface has been calculated by us and Zhao et al. [5, 6] . In particular, it was shown that the stopping time of a rolling particle in the near field of the surface is 5 to 9 orders of magnitude smaller than for rolling in vacuum and at uniform motion near the surface.
As for the dipole particles with a permanent dipole moment, rotational effects of non-thermal origin can also change their interactions with micro-and macroscopic bodies. The purpose of this paper is to study the influence of rotation on the interaction of permanent dipoles with the surface of a dielectric/metallic slab with a dielectric permittivity ) (ω ε . Even in this rather simple situation we obtain new effects if the rotation frequency is high enough for retardation effects to appear. In particular, the surface of dielectric/metal may attract or repel the rotating particle, while the torque may exert frictional and accelerating action. These features should be taken into account when studying particle trapping close to the surface in vacuum [7, 8] , in dynamics of coagulating dust (cluster) particles and in designing NEMS.
Theoretical consideration
Consider the geometrical configuration shown in Fig. 1 . A point-dipole particle with a permanent electrical dipole moment d′ in the own coordinate system Σ′ of the dipole rotates with the angular velocity Ω around the Z Z ′ , axis. The second coordinate system Σ is related to the resting surface of a slab that is characterized by the frequency-dependent dielectric 
Using the Fourier representation, direct and inverse Fourier transforms of
With allowance for (1) and (2), the components of d in reference frame Σ take the form
where
The starting equations for the particle-surface interaction energy and the torque (in the reference frame Σ ) are given by
denotes the induced electric field of the surface. The dependence on time in the right-hand sides of (4), (5) is associated with the rotation of the particle. It is convenient to write ) , ( 0 t in r E as the Fourier expansion over the time and the twodimensional wave vector k (parallel to the surface):
Substituting (2) and (6) into (4) and (5) at the location point of the dipole,
The components of ) ( 0 z in k E ω are determined from the solution to the Maxwell equations with a point-like dipole source, provided that the corresponding boundary conditions are satisfied at 
Substituting (9)- (11) in (7), (8) 
Numerical examples

An ideally conducting surface
This case corresponds to the limit
, while the integrals in (Fig. 3a) , the role of material properties becomes less significant, though in this case (due to a finite value of ) 0 ( ε ), the difference between the dashed and dotted (solid) lines still will be observed.
Conclusions
We have examined the impact of rotation on the interaction of a small dipole particle with a surface of dielectric. We have calculated the energy of interaction and the torque acting on the particle. As it follows from the obtained expressions, rotation of the particle does not explicitly result in the time dependence of the potential energy and the Z-component of torque in the case where the rotation axis coincides with the surface normal. The torque involves a frictional component, that decelerates general rotation around the Z-axis, and an orientational component which tends to turn the dipole axis in the direction normal to the surface. If the dipole axis is directed exactly normal to the surface, the torque is zero and has no impact on rotation and orientation of the dipole, while the force of interaction with the surface coincides with the static (attractive) force. Therefore, the dipole may rotate for infinitely long time provided that the distance to the surface is the same. In the case where the dipole axis is inclined at an angle of 2 / π relative to the surface normal, rotation of the particle has a noticeable effect on the interaction energy (force) and torque which may change the sign at some separations from the surface. So, the interaction of rotating dipole with the surface may result in a repulsive force and acceleration of the dipole rotation. We have estimated the corresponding effect in the case of an ideally conducting slab, and the 2 SiO ( ) Au slabs with the properties of dielectric and Drude metal.
